Abstract-In this paper we present a combined binarization technique for historical document images. Usually, many binarization techniques are implemented in the literature for different types of binarization problems. The few simple available thresholding methods cannot be applied to many binarization problems. In order to improve the quality of historical document images, we propose a combined approach based on global and local thresholding methods. The method was evaluated on the benchmarking dataset used in the Handwritten Document Image Binarization Contest (H-DIBCO 2012) and an Arabic historical document from National Library of Algeria. The evaluation based on the word spotting system showed the efficiently of our approach.
I. INTRODUCTION
Binarization is an important step in historical document image preprocessing to eliminate background noise and improve the document quality. This process consists of converting the gray-level image in binary image which can be used for further processing (Optical character recognition "OCR", Intelligent character recognition "ICR", Word spotting…).
Many thresholding algorithms have been previously proposed. However, the quality of these algorithms still shows quality shortcoming in document image analysis systems. An early histogram-based global binarization algorithm, Otsu"s method [1] , is widely used. Isodata"s method [2] also used as a global method to calculate the explicit thresholds. Niblack [3] , Sauvola [4] and NICK [5] use a local thresholding. It has been proved that all previously reported methods are effective for certain types of document images. However, none has been proved to be effective for all examples of degraded document images. Historical document images are particularly challenging for the thresholding or information separation problem (Document Image Binarization Contest: DIBCO 2009 [6] , H-DIBCO 2010 [7] , DIBCO 2011 [8] and H-DIBCO 2012 [9] ). Many historical documents have become degraded and are difficult for a human to decipher due to long ineffective storage conditions and inevitable differences in paper quality and ink.
In order to improve the quality of binarized image, we propose to enhance them before the binarization. The proposed method makes use of the global thresholding to enhance the document image, and then we apply a local thresholding method. This paper is structured as follow; Section II reviews the state of the art of binarization techniques. Our proposed method is presented in Section III. Then, experimental results are reported in Section IV. Finally, conclusion and future work are presented in Section V.
II. STATE OF THE ART
Thresholding historical document image converts the gray-level image to binary format by separating the useful font and information from the background. There are two main approaches of binarization namely global and local thresholding. In the global method, only one threshold is used in the whole image, if the pixel value of an input image is more than T, the pixel is set to background. Otherwise, it is foreground.
Otsu"s method [1] assumes the presence of two distributions (one for the text and another one for the background). It calculates a threshold value in such a way that it maximizes the variance between the two distributions.
Isodata"s method [2] calculates a threshold by separating iteratively the gray-level histogram into two classes.
The main drawback of global methods is that they can"t adapt well to uneven illumination and noise. Hence, they do not perform well on low quality document images.
Unlike global thresholding, local threshold is calculated for each pixel in the image according to the properties of its neighborhood. This method generally performs better for low quality images.
Niblack"s method [3] calculates the thresholding values of each window over the image separately by the following formula:
where m is the mean value and s is the standard deviation value of the pixels inside the window. The value of k is generally fixed to -0.2. Sauvola"s method [4] was developed from Niblack"s method. It aims to solve the problem of black noise depending on the impact on the standard deviation value by using a range of gray-level values in the images. The thresholding formula is: (2) where R is the dynamic range of standard deviation and the parameter k The NICK method [5] is an improvement of Niblack"s method developed by Khurshid. It aims to solve the problem of black noise in Niblack"s method and the low contrast problem in Sauvola"s method by shifting the thresholding value downward. The thresholding formula is:
where k is a factor in the range [-0.2, -0.1], P i is the gray-level value of the pixel, and N is the total number of pixels. Generally, global thresholding methods are not able to remove noise that is not distributed in the image. Furthermore, local thresholding approaches are significantly more time-consuming and computationally expensive.
III. PROPOSED METHOD
The proposed hybrid approach includes both global and local thresholding techniques to deal with noisy historical documents, where firstly a global thresholding T is applied to whole document.
The algorithm is based on the fact that a document image includes very rare pixels of useful information (foreground) compared to the size of the image (foreground and background). The fact is that rarely, the amount of black pixels exceeds the 10% of the total pixels in the document. Taking advantage of this fact, we accept that the average of the pixel values of a document image is determined mainly by the background even if the document is quite clear. This claim is demonstrated in Fig. 1 . In the same figure two thresholds (one of Otsu"s method and the second of Isodata"s method) and the average value in each case are given. It is obvious that the average value is always on the background side, considering either threshold.
The proposed algorithm of document binarization consists of the following steps: We choose Sauvola"s method [4] which ensures a good compromise between the extraction of useful information and the elimination of the background. 
IV. TEST AND RESULTS
The proposed method has been evaluated on two different datasets. First, an Arabic historical document dataset supplied by the National Library of Algeria is used based on word spotting system. Second, a Handwritten Document Image Binarization Contest dataset is employed based on H-DIBCO 2012 evaluation measures [9] .
A. Arabic Historical Document Dataset
The proposed method will be applied to degraded samples from the National Library of Algeria. The National Library recently created a dataset containing the scanned images of ancient books. 116 printed Arabic pages were selected from the book " ‫االرضية‬ ‫الكرة‬ ‫علم‬ ‫في‬ ‫المرضية‬ ‫االقوال‬ -‫فايد‬ ‫أحمد‬ -2481 ". A representative example of the dataset is shown in Fig. 2 . To evaluate the performance on this dataset we apply word spotting system, which is composed by the following modules: 1) Preprocessing: Several preprocessing steps have taken place, such as:  Binarization: All the previews methods are used to the binary image.  Pages separation: The document page is separated into two pages; the vertical projection profile is used in this process.  Skew angle correction: The horizontal projection profile is used for estimating the skew angle [10] , which can be performed for different angles and the largest magnitude variations correspond to the skew angle. ( as well as noisy text regions appearing from neighboring pages. It is based on projection profiles.  Segmentation: It aims to extract the words from the document. Segmentation is performed in two consecutive steps: line segmentation and word segmentation. Both steps make use of the projection profiles [11] .
2) Feature generation: Features are generated from every word capable of capturing the word similarities and discarding the small differences due to remaining noise or different style of writing. They are carefully selected in order to describe the contour and region shape of the word. Four features are then selected, which are: 3) Dynamic Time Warping (DTW): The DTW is an algorithm that efficiently computes the similarity between two sequences which can have different length. It is applied to the problem of word matching in historical documents [12] . After the binarization stage by several methods, we select 7 query words from this document to evaluate the system by word spotting criteria using DTW (see Table I ).
The evaluation will be based on the recall (RC), precision (PR) and F-measure (FM) which are defined as follows: (4) where C is the correctly detected word instances, N is the total number of word instances for every query (ground truth) and M is the total number of detected word instances.
B. H-DIBCO 2012 Dataset
We have also evaluated our approach on document datasets proposed in the H-DIBCO 2012 [9] . We mention that in this testing dataset, 14 handwritten images with their associated ground truth were built for the evaluation. Fig. 3 illustrates a representative example of the dataset. The evaluation we did, comprises an ensemble of measures that are suitable for assessment purposes in the context of document analysis and recognition [9] . (5) where TP, FP, FN denote the true positive, False positive and False negative values, respectively. (6) where D is the difference between foreground and background, and MSE is the mean square error. 
C. Results
This experiment was conducted to show the performance of our method in several challenges such as disparity in the size of text; large, non-uniform illumination, low-quality images, thin pen stroke lines and low-contrast between the text and background.
To evaluate the performance of the proposed method, we 2. 1. 1 1 11 measures the distortion for all the flipped pixels [9] .
It properly correlates with the human visual perception and it compare its results with those of Otsu"s, Niblack"s, Sauvola"s and NICK methods. The parameters of the methods are fixed according to the values proposed by the authors: k=-0.2 and ws=15×15 window size for Niblak"s method, k=0.5, R=128 and ws=25×25 window size for Sauvola"s method and k=-0.1 and ws=19×19 window size for the NICK method. (See Fig. 4-Fig. 5 ). The presented results in Table I -II shows the efficiently of our method (ws=21×21), we have FM1=91.87 (See Table I ) and FM2=76.40 (See Table II) .
Based on the obtained results (See Fig. 4-Fig. 5 ), Niblack"s method detects the text body. However, its drawback is that it produces a large amount of black noise in the empty windows. Sauvola"s method solves the problem of black noise. However, it fails if the contrast between the foreground and background is small or if the text is in thin pen stroke text. The NICK method solves the low contrast problems. However, it still fails when the contrast is too small or the text is in thin pen stroke text. Our proposed approach (ws=21×21) constitutes a good compromise between the extraction of useful information and the elimination of the background. 
V. CONCLUSION
This paper presents a document image binarization combination framework. The proposed method uses the fact that the pixels which compose the text in the document, usually, do not exceed 10% of its size.
The proposed framework divides the image pixels into two categories based on the global thresholding. Then, the intermediate image is binarized by using local thresholding method. The experimental results issued from the Arabic historical document images based on word spotting criteria using DTW and H-DIBCO 2012 dataset show the performance of our method.
In the future, we plan to implement other techniques to enhance the complex background in historical document images.
